Polarization effects with a combined radar-radiometer by Martin, D.
SECTION 54 
POLARIZATION EFFECTS WITH A COMBIlVED 
RADAR - RADIOMETER 
David Martin 
Space Sciences Div is ion  
J e t  Propulsion Laboratory 
Pasadena, C a l i f o r n i a  
The purpose of t h i s  r e p o r t  i s  t o  descr ibe  a unique microwave 
sensor .  The device uses a  coherent  X-band r a d a r ,  a radiometer  a t  
t h e  same wavelength and an  antenna with a p o l a r i z a t i o n  t h a t  can 
be var ied  e l e c t r o n i c a l l y .  This microwave sensor  was developed t o  
acqui re  p o l a r i z a t i o n  s i g n a t u r e  information about var ious  surfaces 
i n  both t h e  a c t i v e  and pass ive  mode s imultaneously.  One app l i ca -  
t i o n  f o r  t h e  sensor  i s  expected t o  be t h e  l o c a t i o n  and i d e n t i f i c a -  
t i o n  of p l a n t  l i f e .  
DESCRIPTION OF THE EQUIPMENT 
I n  Figure 1 t h e  equipment i s  shown mounted on an  a e r i a l  
platform t r u c k  f o r  access  t o  t a r g e t s  i n  t h e i r  n a t u r a l  s t a t e .  
The boom height  i s  1 0  meters.  The antenna parabola i s  1.2 meters 
i n  diameter and can be pos i t ioned  t o  any s e l e c t e d  angle  of i n c i -  
dence. The advantages of t h i s  approach a r e  t h a t  t h e  i n t e r p r e t a t i o n  
of t h e  d a t a  w i l l  be aided by removing u n c e r t a i n t i e s  concerning 
t h e  geometry, su r f ace  condi t ions  and equipment f o r  t h e  a c t i v e  and 
passive measurements. Furthermore, t h e  d e t a i l e d  p o l a r i z a t i o n  
measurements w i l l  provide a p o l a r i z a t i o n  s igna tu re  f o r  improved 
su r f ace  c h a r a c t e r i z a t i o n .  
Figure 2 i s  a s i m p l i f i e d  block diagram of t h e  equipment which 
i s  shared by both the  pass ive  and a c t i v e  measurement func t ions .  The 
cen te r  frequency i s  8505 Megahertz. An i n t e g r a l  p a r t  of t h e  antenna 
i s  t h e  p o l a r i z e r .  The o r i e n t a t i o n  of t h e  e l e c t r i c  f i e l d  vec to r  
can be r o t a t e d  e l e c t r o n i c a l l y  wi th  t h e  p o l a r i z e r .  This  may be 
compared t o  an  o p t i c a l  po lar imeter  i n  which a po la r i zed  p l a t e  i s  
r o t a t e d  t o  analyze t h e  p o l a r i z a t i o n  e f f e c t s  of an o p t i c a l l y  a c t i v e  
sample. The r ada r  t r ansmi t t ed  s i g n a l  has a  s epa ra t e  p o l a r i z e r  i n  
order  t o  c o n t r o l  t h e  p o l a r i z a t i o n  of t h e  i l l umina t ion  as w e l l  a s  
of t h e  rece ived  s i g n a l .  The r e c e i v e r  i s  a superheterodyne, s o l i d  
s t a t e  design,  wi th  a n  I F  bandwidth of 320 MHz and IF  c e n t e r  
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frequency of 1215 MHz. The system noise f i g u r e  of 8 dB i s  achieved 
wi th  a low noise  TW mounted on t h e  antenna. The I F  s i g n a l s  a r e  
routed  t o  e i t h e r  t h e  r ada r  o r  radiometer d e t e c t o r s  by a  s p e c i a l  
t r a n s f e r  switch which provides g r e a t e r  t han  90 dB i s o l a t i o n  and 
minimizes t h e  switching t r a n s i e n t s .  The d a t a  condi t ion ing  
func t ion  w i l l  be descr ibed l a t e r .  
The opera tor  can s e l e c t  from 5 modes of t ime shar ing  and 16  
switching r a t e s .  Figure 3 i s  an  example of Mode 1 and t h e  1 KHz 
switching r a t e  sequence of d a t a  a c q u i s i t i o n .  I n  Mode 1 t h e  r ada r  
i s  on f o r  2  u s e c  i n  each radiometer  switching cyc le .  This mode 
i s  app l i cab le  f o r  s tudying nearby ob jec t s  s o  t h e  echo r e t u r n s  
w i t h i n  t h e  2 u, s e c  t ime i n t e r v a l .  I n  Mode 2  t h e  r ada r  i s  on f o r  
500 pulses  t hen  t h e  radiometer  f o r  t h e  equiva len t  t ime.  Mode 4 
i s  r ada r  only and Mode 5 i s  radiometer  only.  The maximum PRF i s  
5000 pu l se s  per  second and t h e  minimum i s  312. The p o l a r i z a t i o n  
scan switching r a t e  i s  e i t h e r  a t  t h e  PRF o r  a f t e r  8000 pulses  by 
operat  o r  s e l e c t  ion .  
The p o l a r i z a t i o n  c o n t r o l ,  Figure 4 ,  i s  achieved by adding 
equa l  amplitude r i g h t  and l e f t  c i r c u l a r l y  po la r i zed  waves i n  t h e  
feed horn ,  r e s u l t i n g  i n  a. r ad i a t ed  l i n e a r  po la r i zed  wave. The 
phase s h i f t  i n  one of t h e  pa ths  can be d i g i t a l l y  s e l e c t e d  by 
a c t u a t i n g  l a t c h i n g  f e r r i t e  phase s h i f t e r s  of 22.5, 45, 90 o r  180 
e l e c t r i c a l  degrees,  t h u s  varying t h e  angular  o r i e n t a t i o n  of t h e  
r e s u l t a n t  l i n e a r l y  polar ized  wave. There a r e  16 p o l a r i z a t i o n  
s t a t e s  which w i l l  r o t a t e  t h e  e l e c t r i c  vec to r  i n  11& degree i n -  
crements f o r  a  t o t a l  of 180'. The c i r c u l a t o r s  s epa ra t e  t h e  t r a n s -  
m i t  and r ece ive  s i g n a l  pa ths .  The r e fe rence  and phase s h i f t e d  
s i g n a l s  a r e  converted t o  r i g h t  ando le f t  c i r c u l a r  po lar ized  waves 
i n  t h e  orthomode t ransducer  and 90 de lay  s e c t i o n .  Figure 5 i s  
a photo of t h e  p o l a r i z a t i o n  network, S e r i a l  No. 1. It i s  about 
20cm wide. The maximum scan r a t e  i s  5000 p o l a r i z a t i o n  changes 
pe r  second. 
The p o l a r i z a t i o n  d a t a  condi t ion ing  func t ion  may be explained 
wi th  t h e  a i d  of Figure 6. The t r a n s f e r  switch connects t h e  I F  
s i g n a l  t o  e i t h e r  t h e  r ada r  o r  t h e  radiometer  channel.  The s i g n a l  
i s  coherent ly  de t ec t ed  and amplif ied.  The ope ra to r  s e l e c t s  t h e  
de lay  of t h e  sample ga t e  t o  correspond t o  t h e  range t o  t h e  t a r g e t .  
A 50 nanosecond sample of t h e  echo i s  he ld  and read  i n  t o  t h e  16 
channel processor .  The 16  FET read i n  switches opera te  synchronously 
wi th  t h e  antenna p o l a r i z a t i o n  switches.  The radiometer  has a  second 
balanced mixer a m p l i f i e r  i n  order  t o  f i l t e r  t h e  r a d a r  cen te r  
. frequency. A d e t e c t o r  recovers  t h e  Dicke switched s i g n a l  which i s  
ampl i f ied  and synchronously de t ec t ed  at  t h e  PRF. This  s i g n a l  i s  
f i l t e r e d  i n  i n d i v i d u a l  channels synchronized wi th  p o l a r i z a t i o n .  
The read out r a t e  i s  8 seconds per  channel  when opera t ing  a t  t h e  
1 KIiz PRF. Each f i l t e r  i s  r e s e t  a f t e r  being read out .  For slow 
p o l a r i z a t i o n s  scan  t h e  read i n  and out  a r e  a t  t h e  same t ime,  f o r  
t h e  f a s t  scan  8000 read i n s  occur f o r  each read out .  F igure  7 
i s  an  example of analog d a t a  record ing  of t h e  r ada r  and radiometer  
ou tputs  wi th  slow and f a s t  p o l a r i z a t i o n  scan. The f i r s t  scan  
i s  a t  t h e  slow r a t e  and t h e  next  2 scans a r e  f a s t .  The p o l a r i z a t i o n  
s t a t e  3 corresponds t o  v e r t i c a l  and s t a t e  11 t o  h o r i z o n t a l  po la r i za -  
t i o n .  Figure 8 i s  an example of a r ada r  echo a s  observed wi th  a 
sampling osc i l loscope .  The 100 nanosec t r a n s m i t t e r  pu lse  i s  
blanked by t h e  r e c e i v e r  p r o t e c t o r  switch. 
The radiometer  was c a l i b r a t e d  wi th  ho t  and co ld  loads .  The 
conf igura t ion  f o r  t h i s  c a l i b r a t i o n  i s  shown i n  Figure 9. The 
v a r i a b l e  a t t e n u a t o r  provides a check on t h e  l i n e a r i t y  by accounting 
f o r  t h e  l o s s  f a c t o r  A a t  t h e  s e l e c t e d  a t t enua t ions .  A f t e r  t h e  
hot  and co ld  load  c a l i b r a t i o n  t h e  waveguide switch i s  switched 
t o  t h e  antenna. The antenna temperature response a s  seen through 
t h e  p o l a r i z e r  i s  given i n  Figure 10.  The p o l a r i z e r  l o s s  i s  1 .2  dB 
and it i s  thermal ly  con t ro l l ed  t o  323'~. With t h i s  c a l i b r a t i o n  
t h e  rad iometr ic  temperature seen by t h e  antenna i s  r e l a t e d  t o  t h e  
vol tage  output  of t h e  radiometer .  The rad iometr ic  temperature 
observed while  looking at a n  a spha l t  su r f ace  a t  a n  incidence 
angle of  70 and scanning t h e  p o l a r i z a t i o n  a t  t h e  slow r a t e  i s  
shown i n  Figure 11. The r ada r  and radiometer  measurements were 
t ime shared a t  t h e  1 KHz switching r a t e  i n  Mode 1. 
The r ada r  i s  c a l i b r a t e d  wi th  r e f l e c t o r s  of  known o r  ca l cu la t ed  
r a d a r  c ross -sec t ion .  A Luneberg l e n s  r e f l e c t o r  of 24.3 dB square 
meter c ros s - sec t ion  produced t h e  amplitude shown i n  Figure 12. The 
darker  curve i s  t h e  cosine func t ion  wi th  a r b i t r a r y  amplitude and 
phase t o  i n d i c a t e  how c lose  t h e  measured p o i n t s  a r e  t o  t h e  cos ine  
func t ion .  A f t e r  removing t h e  r e f l e c t o r  t h e  r ada r  amplitude of 
t h e  background i s  recorded. The r a d a r  d a t a  i s  shown i n  vol tage  
u n i t s  a s  measured. The r ada r  backsca t t e r  vo l tage  f o r  a s p h a l t  
a t  70' incidence angle ,  slow p o l a r i z a t i o n  scan i s  seen i n  Figure 
13. The r a d a r  d a t a  was t aken  at t h e  same t ime as the  radiometer  
d a t a  of F igure  11. One curve i s  f o r  t h e  case  of  t r a n s m i t t i n g  
v e r t i c a l l y  po la r i zed  and t h e  o the r  f o r  t r a n s m i t t i n g  h o r i z o n t a l l y  
polar ized  waves. I f  t h e  amplitude of t he  s i n e  and cosine coherent 
d e t e c t o r s  a r e  squared and added, t h e  r e l a t i v e  echo power as a  
func t ion  of p o l a r i z a t i o n  i s  obtained.  Although t h e  angle of 
p o l a r i z a t i o n  i s  measured, t h e  d i r e c t i o n  of t h e  e l e c t r i c  vec to r  
i s  no t .  For example with h o r i z o n t a l  p o l a r i z a t i o n  t h e  vec tor  may 
be po in t ing  l e f t  o r  r i g h t .  Thus a l l  p o l a r i z a t i o n  s t a t e s  a r e  i n -  
cluded i n  180 degrees of vector angular  r o t a t i o n  and i n  a po la r  
p l o t  t h e  po in t s  a r e  symmetrical about t h e  o r i g i n .  P o l a r i z a t i o n  
s igna tu re s  based on t h e  d a t a  i n  Figure 1 3  a r e  shown i n  Figures  
1 4  and 15. These a r e  p o l a r  p l o t s  of p o l a r i z a t i o n  angle  verses  
y e l a t i v e  echo pover obtained by observing a n  a s p h a l t  su r f ace  
0 
a t  a n  incidence angle  of 70 . The r ada r  and radiometer  measure- 
ments were t ime shared a t  t h e  1 Kliz switching r a t e  i n  Mode 1. 
I n t e r p r e t a t i o n  of t h e  d a t a  from var ious  su r f aces  w i l l  be t h e  
subj  e c t  of another  paper.  
A microwave sensor  wi th  an e l e c t r o n i c a l l y  v a r i a b l e  polar ized  
antenna has been descr ibed .  A coherent X-Band r ada r  and a 
radiometer  share  t h e  same antenna and r e c e i v e r  a t  switching r a t e s  
up t o  5000 per  second. The antenna p o l a r i z a t i o n  can be switched 
a t  t h e  same r a t e  f o r  both t h e  t r ansmi t  and r ece ive  independent 
s i g n a l  pa ths .  The equipment i s  mounted on a n  a e r i a l  platform 
t r u c k  and i s  ready t o  make measurements i n  a r eas  of i n t e r e s t  
f o r  a g r i c u l t u r a l ,  geo log ica l  and hydro log ica l  a p p l i c a t i o n s  of 
remote sensing.  The a d d i t i o n a l  information due t o  t h e  po la r i za -  
t i o n  m o d u 1 a t i o n . i ~  expected t o  a i d  t h e  i d e n t i f i c a t i o n  of su r f ace  
cond i t i ons .  The t ime sha r ing  of t h e  r a d a r  and radiometer w i l l  
ensure t h a t  t h e  geometry, t h e  su r f ace  condi t ions  and equipment 
do not change f o r  t h e  a c t i v e  and pass ive  measurements. The 
sensor  > r i l l  a l s o  provide new information about t h e  r e l a t i o n s h i p  
between su r f ace  r e f l e c t i v i t y  and emis s iv i ty .  
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Figure 1. The radar radiometer is mounted on an aerial platform truck for 
access to areas of interest for remote sensing applications. The Luneberg 
l l:n s and corner refle ctors provide calibration targets for radar calibration. 
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Figure 2. A coherent X-Band pulse radar is time shared with a radiometer. 
The antenna polari z ation can be modulated to identify the target polarization 
signatures for both the radar and the radiometer. 
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SCAN STEP 8 sec- 
Figu re  3 .  The ope ra to r  c a n  s e l ec t  f r o m  5 Modes of t i m e  shar ing and 16 
switching r a t e s .  This  i s  a n  example  of pulse  t o  pulse  t i m e  shar ing  a t  1 KHz.  
Po la r iza t ion  scan  s t ep  can  b e  e i t he r  at the  P R F  o r  a f t e r  8000 pu l ses .  
F igu re  4. The  r e f e r e n c e  and phase  shif ted s ignals  a r e  conver ted to  r ight  and 
left  c i r c u l a r  po la r ized  waves  in  the  o r tho-mode  t r a n s d u c e r  and 90" delay 
section.  The s u m  of the  two waves  i s  a  l inear ly  polar ized wave with the  
angula r  or ienta t ion a function of the  phase  shift.  The 16 s t a t e s  ro ta te  the  
e l e c t r i c  vec to r  180" in  11 114" s teps .  
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Figure 5. The ferrite phase shifters and X-Band waveguide network provi de 
the antenna polarization control. Sixteen linear polarization states can be 
scanned at rates up to 5000 changes per second independently for the 
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RADIOMETER It> CHANNEL PROCESSOR 
Figure 6 . The IF signal from t he receiver is switched to either t he radar o r 
the radiometer detector. There are 16 filt ers synchronized w ith the p olari-
zation scan. Each filter is reset after being read o ut . 
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Figure 7. This is a n exaITlple of the analog voltage for Mode 1 at 1 KHz while 
scanning the polarization s t ates. State 3 is verti cal and state 11 is horizontal 
polarization. In the first scan the pola r ization changes after each state is 
read out and in the next 2 scans it changes before each radar pulse. 
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Figure 8. The 100 nanosec wide transmitted pulse is blanked by the receiver 
protector. The coherent echo i s from a gravel surface at an incidence angl~ 
of 60 0 • 
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TAPPARENT = A2 [A3 \ + (l - A3) T3J + (l - A2) T2 1 
TAPPAR ENT = A2 [AI TA NT + (l - AI ) TIJ + (l - A2) T2 2 
() 
volts = a + b (T R - T) 
Figure 9. A waveguide switch on the antenna is switched to l-:ot or cold loads 
fer the radiometer calibration. The variable attenuator checks the linearity. 
A noise diode provides a calibratio n source in the field. 
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Figu re  10.  The rad iomete r  output voltage a s  a function of antenna t e m p e r a t u r e  
is obtained by the  cal ibra t ion procedure .  
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Figu re  1 1. This  rad iomet r ic  t e m p e r a t u r e  was  obtained f o r  a n  asphal t  
s u r f a c e  observed  a t  a 7 0 "  inc idence angle  while operat ing in  Mode 1 a t  
1 KHz with slow polar iza t ion scan.  
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Figu re  12. The r a d a r  signal  obtained with a Luneberg l ens  re f l ec to r  i s  
compa red  t o  the  background s ignal  without the re f l ec to r  and to  a cos ine  
function of a r b i t r a r y  ampl i tude and phase.  
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Figu re  13. These  r a d a r  backsca t t e r  ampl i tude cu rves  w e r e  obtained f o r  
a n  aspha l t  su r f ace  observed  a t  a  7 0 "  incidence angle  while operat ing i n  
Mode 1 a t  1 KHz with slow polar iza t ion scan.  The r a d a r  t r an smi t t ed  
polar iza t ion w a s  hor izonta l  f o r  the  open points and  ver t i ca l  f o r  the  
f i l led points. 
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Figure 14. The relative power i s  plotted a s  a function of received 
polarization angle for  an asphalt  surface observed a t  a 7 0 "  incidence 
angle while operating in  Mode 1 a t  1 KHz with slow polarization scan, 
t r ansmi t  horizontal polarization. 
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Figure 15. The relative power i s  plotted as  a function of received polar-  
' ization angle for an  asphalt  surface observed a t  a 7 0 "  incidence angle 
while operating in  Mode 1 a t . 1  KHz with slow polarization scan, t r ansmi t  
ver t ical  polarization. 
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